Treatment of human stomach cancer KATO III cells with hot-water extracts from adzuki beans led to their growth inhibition as well as apoptosis induction. There are morphological changes in the cultured cells treated with the extracts, by which DNA frag mentation characteristic of apoptosis was actualized both concentration and time-depen dently. In contrast, N-acetyl-L-cysteine suppressed such DNA fragmentation, implying that the extracts from adzuki beans might exert antitumorigenicity via active oxygen-induced apoptosis. In order to verify this hypothesis in animal experiment, the 40% ethanol fraction of hot-water extracts was examined for its preventive effect against benzo(a)pyrene-induced tuorigenesis in the forestomach of A/J mice, given as drinking water containing the above fraction at 0.5-2.0% levels. Consequently, forestomach cancer has turned out to be reduced by 36-62% in tumor weight relative to the control. These results suggest that the fraction of hot-water adzuki extracts may serve as a nutrapharmaceutical or functional food available for cancer prevention.
Adzuki beans (Vigna angularis) are a very important food material in East Asia. In traditional Chinese medi cine, adzuki beans familiar to "chi xiao dou" (Phaseoli semen) have been used habitually for multi-purposes including diuretics and antidotes, as well as for symp toms of dropsy and beriberi (1) . In Japan, adzuki beans are used mainly for the production of confectioneries such as youkan, manjuu, amanatoo, etc. (2) (3) (4) (5) (6) (7) (8) . Other uses include cosmetics (facial cream or shampoo), med ical supplies, nitrogen-fixing green manure, livestock feed and soil stabilizer (2-5, 9-13). In the case of food processing, heat treatment of adzuki beans results in a large amount of hot-water extracts (dipping water), which is usually discarded. This study was conducted to fi nd out merits in the function of these hot-water extracts from a cancer-preventive point of view.
Materials and Methods
Fractionation of hot-water extracts from adzuki beans. A common species of adzuki beans were harvested in Tokachi, Hokkaido, and were used for the production of a bean jam, a traditional Japanese food. The adzuki beans were boiled in a cooker prior to preparation of the bean jam. Hot-water extracts (dipping water) were obtained in a large amount. Hence, hot-water extracts Results and Discussion Figure 1 shows the inhibitory effects of Fract. 1-4 samples on the proliferation of KATO III cells. Above all, Fract. 2 exerted a remarked inhibition. In this connec tion, it was investigated whether part of the reason might possibly be accounted by apoptosis, Figures 2 and 3 compare morphological changes in KATO III cells cul tured for 3d in the absence and presence of Fract. 2. Apoptotic bodies did not appear in the former but appeared in the latter (Fig. 2) . Simultaneously, a DNA ladder was confirmed to occur in this case (Fig. 3A) . DNA fragmentation in KATO III cells treated with Fract. 2 increased with the elapse of time (Fig. 3B ) and con centration-dependently (Fig. 3C) . It is necessary to quantify the extent of apoptosis to evaluate the obstruc tion of cancer cells by Fract. 2. Such an attempt was achieved by flow cytometry (Fig. 4) tion of KATO III cells by this fraction may be interpreted in relation to cell cycle. Incidentally the percentage of G0/G1 cells was 36.3% in non-treated KATO III cells, but 22.1% in those treated with 1mg/mL of Fract. 2, suggesting that the inhibition of cell growth might be associated with G0/G1 stage. In contrast, the addition of 2mg/mL of Fract. 2 to normal leukocytes from healthy volunteers didn't induce apoptosis (data not shown). Active substance(s) is/are dissolved in water and adsorbed on HP-20 resins, easy to bind selectively hydrophobic compounds. Hot-water extracts from adzuki beans include saponin, tannins, catechin and so on. Catechin-dimmer or -trimmer, of black bean seed coat origin, induces apoptosis in human promyelotic leukemia Molt4B cells (17). The color of hot-water extracts from adzuki beans turned dark-brown, proba bly because of catechin, which might induce apoptosis.
In one case, apoptosis proceeds via a cascade being 
